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determine a reference position for the portable electronic
device (e.g., a position of the device at rest) and compare one
or more ol the detected characteristics to the reference
position to determine which limb of the user possesses the
clectronic device.
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PORTABLE ELECTRONIC DEVICE AND
METHOD FOR CONTROLLING OPERATION
THEREOF TAKING INTO ACCOUNT WHICH

LIMB POSSESSES THE ELECTRONIC
DEVICE D

RELATED APPLICATION

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/358,931, filed Jan. 26, 2012, the entire
content of which 1s being incorporated herein by reference.

10

FIELD OF THE INVENTION

: : 15
The present invention relates generally to portable elec-

tronic devices and, more particularly, to a portable electronic
device capable of controlling one or more of 1ts functions
taking into account which limb of a user possesses it.

20
BACKGROUND

Portable electronic devices are ubiquitous in today’s
society. Such devices include, for example, cell phones,
smart phones, portable media players, tablet computers, »>j
personal digital assistants, handheld gaming devices, hand-
held global positioning satellite (GPS) units, cameras, and
wearable heart rate monitors, just to name a few. A portable
clectronic device 1s generally configured such that visual or
audible mformation output by the device 1s presented um- 30
tormly across a display screen or from output speakers under
an assumption that, 1n most cases, the user will generally
center the device in his or her field of view/hearing when
using 1t. Additionally, the keys and buttons of portable
clectronic devices are typically configured with default
functions, although some devices allow users to manually
change button or key functions by proceeding through a
series of operations available to the users through electronic
menus. By maintaining a sense of neutrality with respect to
content delivery and user interface access, portable elec-
tronic devices may be used by individuals regardless of
whether the individuals are left-handed or right-handed. Any
talloring of the portable device to accommodate a user’s
dexterity must be performed manually by the user, assuming 45
that the device even permits such adjustment.

The desire to tailor an electronic device to the dexterity of
its user 1s more pronounced with respect to electronic
devices that are securable to or wearable by a user, such as
wristwatch phones, wearable heart rate monitors, and wear- 50

able portable media devices. Without device function adjust-
ment, a user of a wearable device must move either the limb
to which the device 1s secured or the user’s head so as to
permit the user to properly view the device’s display screen,
hear the device’s speaker(s), and/or use the device’s user 35
interface. Depending upon how the electronic device 1is
secured to the user’s limb, substantial contortion of the
user’s limb and/or neck may be necessary to use the device
properly. As a result, users may refrain from experiencing all
the benefits of the electronic device. 60

35

40

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1llustrates an exemplary wearable electronic device
as secured to an outside portion of a user’s left wrist 1 65
accordance with one exemplary embodiment of the present
invention.

2

FIG. 2 illustrates an exemplary wearable electronic device
as secured to an inside portion of a user’s left wrist 1n

accordance with another exemplary embodiment of the
present 1nvention.

FIG. 3 illustrates an exemplary wearable electronic device
as secured to an outside portion of a user’s right wrist 1n
accordance with a further exemplary embodiment of the
present 1vention.

FIG. 4 1llustrates an exemplary wearable electronic device
as secured to an inside portion of a user’s right wrist 1n
accordance with vet another exemplary embodiment of the
present 1nvention.

FIG. 5 1s an electrical block diagram of an exemplary
portable electronic device 1n accordance with one exemplary
embodiment of the present invention.

FIG. 6 1llustrates an exemplary association of user inter-
face buttons to device functions for a portable electronic
device responsive to an automated determination that the
clectronic device 1s possessed by or secured to a left upper
limb of a user i1n accordance with another exemplary
embodiment of the present invention.

FIG. 7 1llustrates an exemplary association of user inter-
face buttons to device functions for a portable electronic
device responsive to a determination that the electronic
device 1s possessed by or secured to a right upper limb of a
user 1n accordance with yet another exemplary embodiment
of the present invention.

FIG. 8 1s a logic flow diagram of steps executed by a
portable electronic device to control operation of the elec-
tronic device taking into account which limb of a user
possesses 1t, 1n accordance with a further exemplary embodi-
ment of the present invention.

FIG. 9 1llustrates exemplary accelerometer output voltage
data over time for three axes when a portable electronic
device incorporating the accelerometer and secured to a
right wrist of a user 1s moved from a reference position to a
viewing position and back to the reference position, in
accordance an exemplary embodiment of the present inven-
tion.

FIG. 10 illustrates exemplary accelerometer output volt-
age data over time for three axes when a portable electronic
device mcorporating the accelerometer and secured to a left
wrist of a user 1s moved from a reference position to a
viewing position and back to the reference position, in
accordance with yet another exemplary embodiment of the
present 1nvention.

Skilled artisans will appreciate that elements 1n the figures
are 1llustrated for simplicity and clarity and have not nec-
essarily been drawn to scale. For example, the dimensions of
some ol the elements 1n the figures may be exaggerated
alone or relative to other elements to help improve the
understanding of the various exemplary embodiments of the
present 1vention.

DETAILED DESCRIPTION

Generally, the present invention encompasses a portable
clectronic device and a method for controlling one or more
of the device’s functions taking into account which limb of
a user possesses the device. The portable electronic device
may be any portable device that 1s sized and shaped to be
possessed by (e.g., carried by or secured to) a user’s limb.
Portable electronic devices include, but are not limited to,
cell phones, smart phones, portable media players, tablet
computers, personal digital assistants, handheld gaming
devices, cameras, camcorders, handheld GPS units, and
wearable or handheld health monitoring devices. According
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to one embodiment, the portable electronic device icludes
a processor and a detection mechanism. The detection
mechanism detects one or more characteristics relating to
how a user handles the device. For example, the detection
mechanism may detect a direction, angle, rotation, and/or
orientation of movement of the device relative to a reference
position prior to, during, and/or after use of the device,
and/or may detect an environment surrounding the device
prior to, during, and/or after its use. Therefore, the detection
mechanism may include, for example, a camera, an accel-
crometer, a gyroscope, and/or a proximity detector (such as
an optical sensor and/or an ultrasonic sensor). The user-
handling characteristics may be detected over a period of
time and stored 1n memory to provide historical information
regarding the user’s handling of the electronic device.

The processor operates 1n accordance with stored oper-
ating 1nstructions to, inter alia, determine, based on the
current and/or historical user-handling characteristics, which
limb of the user possesses the device and control at least one
function of the device taking into account which limb 1s 1n
possession. For example, the processor may control a direc-
tion of audio outputted by the device (e.g., speaker steering),
a direction from which audio is received by the device (e.g.,
microphone steering), arrangement of information and
images displayed on a display of the device, user interface
configuration for the device (e.g., button function assign-
ment), and various other functions of the device taking into
account which limb of the user possesses the device. The
processor may be further operable to determine, based on the
user-handling characteristics, a positioning of the electronic
device on the limb of the user and control at least one
function of the device taking 1nto account the positioning of
the device on the limb. In this case, the function control
takes 1nto account both the limb in possession of the device
and the positioning of the device on the limb. For example,
the processor may determine whether the device 1s on the
inside or outside of a user’s wrist and control one or more
functions taking into account the determined positioning.

According to an alternative embodiment, the processor
may be turther operable to determine a reference position for
the electronic device from which to compare one or more of
the user-handling characteristics and determine which limb
of the user possesses the electronic device based on a
comparison of the user-handling characteristics to the ret-
erence position. For example, where the detection mecha-
nism 1ncludes a compass, an accelerometer, and/or a gyro-
scope, the accuracy of the processor’s determination of
change of direction, angle, rotation, or other orientation of
movement may be substantially improved by referencing the
change to a reference position (e.g., a relative center of a
three-dimensional space 1n which the electronic device may
be moved). The reference position may be determined
through use of a training sequence (e.g., walking the device
user through a training sequence upon 1nitial start-up of the
device or activation of the limb detection feature) or as a
result of either normal 1nitial setup operations or general use
of the electronic device. According to one exemplary
embodiment 1n which the electronic device includes a dis-
play and a user interface, the processor may be operable to
display textual messages and/or images on the display (e.g.,
oriented 1n what the processor believes 1s an upright manner)
and determine a reference position for the electronic device
based on 1nputs received via the user interface responsive to
the displayed information. For example, where the elec-
tronic device 1s a cell phone and the cell phone receives a
keypad entry of a phone number to commence a call, the cell
phone’s processor may determine that the cell phone’s
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display 1s upright and 1n front of the user’s head while the
keypad 1s receiving the digit entries for the target phone
number. The positioning of the cell phone during entry of the
target number i1nto the keypad may then be used as a
reference position based upon which the cell phone’s pro-
cessor can gauge movement of the phone for purposes of
determining which limb of the user possesses the phone.

Where the portable electronic device 1s a smart phone,
cellular phone, tablet computer, cordless phone, portable
media player, or other electronic device with short-range or
wide area wireless communication capability, the portable
clectronic device may further include an audio output device
and a transceiver for transmitting and receiving wireless
communication signals that include audio information to be
provided audibly to a user. In this case, the processor may
process recerved wireless communication signals to extract
the audio information and control the audio output device to
output the extracted audio mnformation toward an expected
head location of the user taking into account which limb of
the user possesses the portable device.

By automatically determining which limb of the user
currently possesses the electronic device, the present inven-
tion provides a mechamsm for the electronic device to adapt
one or more of 1ts functions to accommodate use of the
device 1n view of which limb of the user i1s currently
possessing the device. In this manner, the present invention
provides a dexterity accommodation feature for the elec-
tronic device, thereby making the device easier to use for the
user.

Embodiments of the present mnvention can be more read-
1ly understood with reference to FIGS. 1-10, in which like
reference numerals designate like items. FIGS. 1-4 illustrate
one exemplary portable electronic device as possessed by
differing limbs of a user. For example, FIG. 1 1llustrates an
exemplary wearable electronic device 101 as secured to an
outside portion of a user’s left arm 105 (in particular, the left
wrist). FIG. 2 1llustrates the exemplary wearable electronic
device 101 as secured to an inside portion of the user’s lett
wrist. FIG. 3 illustrates the exemplary wearable electronic
device 101 as secured to an outside portion of the user’s
right arm 107 (in particular, the right wrist). Finally, FI1G. 4
illustrates the exemplary wearable electronic device 101
secured to an 1nside portion of the user’s right wrist. Though
not illustrated 1in the drawings, one skilled in the art waill
readily recognize that the wearable electronic device 101
may be alternatively secured to other positions on the user’s
right or left arm (e.g., on the user’s upper arm) or on the
user’s right or left leg, if so desired. The electronic device
101 may be secured to the user’s limb 105, 107 using a strap
103, band, or any other desired securing mechanism. Alter-
natively, while FIGS. 1-4 1llustrate a user’s use of a wearable
clectronic device 101, the present mvention 1s also appli-
cable to and implementable within a handheld, portable
clectronic device or any other processor-based device that
may be possessed by a limb of a user. As a result, the term
“portable electronic device” as used herein and i1n the
appended claims means any processor-based electronic
device that may be possessed by (e.g., held by or secured to)
a limb of a user. Additionally, the term “portable commu-
nication device” as used herein and 1n the appended claims
means any portable electronic device with wireless commu-
nication capability.

FIG. 5 1s an electrical block diagram of an exemplary
portable electronic device 300 in accordance with one
exemplary embodiment of the present invention. The exem-
plary electronic device 500 includes, inter alia, a processor
501, at least one storage device (e.g., memory 503), at least
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one detection mechanism 505 operable to detect character-
1stics relating to how a user handles the electronic device
500, and a direct current (DC) power source (not shown) that
supplies electrical power to the various components of the
clectronic device 500. The electronic device 500 may also
optionally include an audio mput device 507 (e.g., a micro-
phone and/or audio input jack), a display 509, a user
interface 511, and/or an audio output device 513 (e.g., a
speaker, a set of speakers, and/or an audio output jack).
Where the electronic device 500 1s a portable communica-
tion device, the electronic device 300 may further include
one or more transceivers 515 (one shown) and one or more
antennas 516, 517 (two shown). As 1llustrated, the processor
501 1s operably coupled to the memory 503, the handling
detection mechanism 505 and, when included, the audio
input device 507, the display 509, the user interface 511, the
audio output device 3513, and the transceiver 3515. The
clectronic device 500 may optionally include various other
clements, including, but not limited to, an external memory
interconnect to interface with a separate, transportable exter-
nal memory device (e.g., a USB flash drive, a tlash memory
card, a subscriber identification module (SIM) card, or any
other portable storage device).

The portable electronic device 500 may be any device or
user equipment (UE) that 1s processor-based and possessable
by a single limb of a user. Accordingly, the portable elec-
tronic device 500 may be, by way of example only, a smart
phone, a cellular phone, a wristwatch phone, a tablet com-
puter, a portable media player, a handheld or portable
gaming device, a personal digital assistant, a camera, a
camcorder, a handheld or wearable health monitoring device
(such as, for example, a heart rate monitor), or a handheld
GPS unit. A wristwatch-wearable version of the portable
clectronic device 500 of FIG. 5 may be used to implement
the portable electronic device 101 illustrated 1n FIGS. 1-4.

The processor 501 may be a microprocessor, a microcon-
troller, a digital signal processor (DSP), a state machine,
logic circuitry, or any other device or combination of devices
that processes mformation based on operating or program-
ming instructions 519 stored in the memory 503. One of
ordinary skill 1n the art will appreciate that the processor 501
can be implemented using multiple processors as may be
required to handle the processing requirements of the pres-
ent mnvention and the various other included functions of the
portable electronic device 500. One of ordinary skill in the
art will further recognize that when the processor 501 has
one or more of its functions performed by a state machine or
logic circuitry, the memory containing the corresponding
operational instructions can be embedded within the state
machine or logic circuitry as opposed to being external to the
processor 301, as 1s the electronic device’s internal memory
503 as illustrated 1n FIG. 5. In one embodiment, the pro-
cessor 501 controls substantially all the functionality of the
portable electronic device 500.

The wireless device’s mternal memory 503 stores, inter
alia, the operating instructions used by the processor 301 to
control operation of the various components of the elec-
tronic device 500, including the operating mstructions 519
necessary to perform the dexterity accommodation feature
as described 1in more detail below with respect to FIGS.
6-10. The memory 503 may be separate from the processor
501 as depicted in FIG. 5 or integrated 1nto the processor 501
as discussed above. The memory 503 can include random
access memory (RAM), read-only memory (ROM), flash
memory, electrically erasable programmable read-only
memory (EEPROM), and/or various other forms of memory
as are well known 1n the art. It will be appreciated by one of
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ordinary skill in the art that the various memory components
can each be a group of separately located memory areas 1n
the overall or aggregate device memory 503 and that the
device memory 503 may include one or more individual
memory elements.

The user handling detection mechanism 505 may include
any device or combination of devices that are capable of
detecting how a user handles the electronic device 500 while
the device 500 1s powered on. For example, the user han-
dling detection mechanism 305 may include one or more
devices that detect movement, direction, and/or rotation of
the electronic device 500 and/or detect environmental char-
acteristics surrounding the electronic device 500. Thus, the
user handling detection mechanism 3505 may include, for
example, one or more cameras, an accelerometer, a gyro-
scope, and/or one or more proximity detectors (such as one
or more optical sensors and/or ultrasonic sensors).

Where the user handling detection mechanism 3505
includes a camera, the camera may be used to capture
images representative ol an environment 1n which the elec-
tronic device 500 resides while the electronic device 500 1s
at rest, in motion, and/or 1n use. For example, a camera of
a wearable electronic device 101, 500 may capture 1images
that show whether or not the camera 1s facing the user’s
body just prior to use or while at rest and thereby enable the
processor 501 to determine whether the electronic device
500 1s positioned on an 1nside or an outside of the user’s limb
(e.g., arm/wrist). The camera may also be able to capture
images ol the user’s face or hand during use to aid the
processor 501 in determining which limb of the user 1s 1n
possession of the electronic device 500. For instance, the
images captured by the camera may be digitally processed
and compared to prestored images to enable the processor
501 to determine whether the electronic device 500 1is
approaching the user’s head from the right side or the left
side or whether the user’s right hand or left hand 1s being
used to interact with the device’s user interface 511.

Where the user handling detection mechanism 305
includes an accelerometer, a gyroscope, or both, such
device(s) may be used to detect motional characteristics,
such as direction and/or angle of movement of the electronic
device 500 relative to a reference position, to enable the
processor 301 to determine which limb of the user possesses
the electronic device 500. As discussed 1n more detail below,
the reference position may be determined by the processor
501 by momitoring the normal activities of the user during
initial setup of the electronic device 500 or by performing a
training sequence in which the processor 5301 executes a
predetermined series of steps requiring one or more
responses by the user through the user interface 511. When
used, the accelerometer may be a solid state accelerometer
and the gyroscope may be a solid state or microelectrome-
chanical system (MEMS) gyroscope.

Where the user handling detection mechanism 505
includes one or more proximity detectors, such detector(s)
may be used to enable the processor 501 to determine from
which direction the electronic device’s user interface 511 1s
accessed by a user’s hand or a control mstrument, such as a
stylus. By knowing from which direction the user interface
511 1s being accessed, the processor 501 can determine
which limb 1s 1n possession of the electronic device 500. For
example, a proximity detector may be installed on one side
of the electronic device 500 and coupled to the processor
501. If the proximity detector detects the presence of an
object shortly prior to an input received by the user interface
511, the processor 501 may determine that the electronic
device 500 1s currently possessed by the user’s limb opposite
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the side of the device 500 that contains the proximity
detector. For instance, 1f a proximity detector 1s placed on
the right side of the electronic device 500 and detects an
object just prior to receipt of a user interface input, the
processor 501 may determine that the electronic device 500
1s possessed by the user’s left limb (e.g., hand, wrist, or
arm). By contrast, 11 a proximity detector 1s placed on the
right side of the electronic device 500 and does not detect an
object just prior to receipt of a user interface mnput, the
processor 501 may determine that the electronic device 500
1s possessed by the user’s right limb. Alternatively, multiple
proximity detectors may be used and coupled to the proces-
sor 501 to enable the processor 501 to determine which limb
possesses the electronic device 500 based on which prox-
imity detector detects an object prior to receipt of a user
input to the user interface 511.

When included, the audio input device 507 and the audio
output device 513 may be conventional audio transducer
devices, such as one or more microphones and one or more
speakers. The audio input and output devices 507, 513 may
include appropriate conventional drivers that are control-
lable by the processor 501 to directionally receive audio
from a user and directionally output audio to the user
according to control signals supplied by the processor 501.

The display 509 may be any conventional or future-
developed display, such as a liquid crystal display (LCD), a
plasma display, a light emitting diode (LED) display, an
organic LED (OLED) display, or any other display technol-
ogy. The display 509 includes appropriate conventional
drivers and may optionally include graphics processors for
illuminating various portions (e.g., pixels) of a display
screen as instructed by the processor 501. The user interface
511 may be any conventional user interface or combination
of conventional user interface components, such as rocker
keys, buttons, a keypad, a keyboard, a scroll wheel, a
thumbwheel, a touchpad, a touchscreen incorporated into a
display screen of the display 509, or any other now known
or future-developed user interface technology. The audio
input device 507 and the audio output device 513 may be
integrated with the user mterface 511 where the processor
501 executes speech conversion/processing soltware to
accept verbal commands and provide voice-synthesized
responses.

When included, the transceiver 515 may comprise any
conventional hardware and software for communicating
control and user data, including voice communications,
between the portable electronic device 500 and a base
station or wireless access point providing communication
service to the electronic device 500. Depending on the
wireless protocol(s) chosen for the wireless system(s) in
which the electronic device 500 can operate, the transceiver
515 may support one or more wireless communication
protocols, such as Wi-F1 (e.g., IEEE 802.11 a/b/g/n), Blu-
ctooth, Zigbee, WiMax (e.g., IEEE 802.16), Ultra Wide-
Band (e.g., IEEE 802.15.4a drait standard), code division
multiple access (CDMA), wideband CDMA, time division
multiple access (TDMA), Global System for Mobile Com-
munications (GSM), Enhanced Data GSM Environment
(EDGE), General Packet Radio Service (GPRS), frequency
division multiple access (FDMA), orthogonal frequency

division multiplexing (OFDM), Evolution-Data Optimized
(EVDO), High Speed Packet Access (HSPA), Evolved
HSPA (HSPA+), Long Term Evolution (LTE), spread spec-
trum, or any other known or future developed access or link
protocol or methodology. The transceirver 5135 may include
multiple receivers and transmitters when multiple link tech-

nologies are employed by the portable electronic device 500.
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Additionally, where the transceiver 515 supports single
input, multiple output (SIMO) and/or multiple input, mul-
tiple output (MIMO) functionality as contemplated by the
HSPA and LTE protocols, the electronic device 500 may
include two or more receive antennas 317. Alternatively or
additionally, multiple receive antennas may be included
where the transceiver 515 includes multiple receivers or a
multi-mode receiver supporting reception of signals trans-
mitted using different air interfaces (e.g., Wi-Fi, Bluetooth,
and LTE or Wi-Fi, Bluetooth, WCDMA and GSM). Further,
whereas the depicted electronic device 500 includes only a
single transmit antenna 516, one or more additional transmit
antennas may be used where the transceiver’s transmitter
supports MIMO functionality and/or the transceiver 515
includes multiple transmitters or a multi-mode transmitter
supporting transmission of signals using different air inter-
faces.

Operation of the portable electronic device 500 1n accor-
dance with exemplary embodiments of the present invention
may be further understood with reference to FIGS. 6-10.
Referring first to FIG. 8, a logic tlow diagram 800 1is
depicted illustrating steps executed by a portable electronic
device 500 to control operation of the device 500 1n accor-
dance with one exemplary embodiment of the present inven-
tion. The logic flow steps may be executed by various
components of the portable electronic device 500, including,
but not limited to, the processor 501, the memory 503, and
the user handling detection mechanism 505. The steps
executed by the device processor 501 are preferably per-
formed 1n accordance with the operating instructions 519
(e.g., a computer program) stored 1n the device memory 503.

According to the embodiment of FIG. 8, when the elec-
tronic device 500 1s powered on and the processor 501 1s
executing 1ts operating instructions 519, the processor 501
instructs the user handling detection mechanism 305 to
detect (801) one or more characteristics relating to how a
user of the electronic device 500 handles the device 500. For
example, where the user handling detection mechanism 505
includes a camera that faces away from a back side of the
device 500 (e.g., the side opposite the side that includes the
user interface 511), the processor 501 may instruct the
camera to periodically turn on when the device 500 1s at rest
to capture one or more 1mages ol the device’s external
environment. Additionally, the processor 501 may 1nstruct
the camera to turn on when the processor 501 determines
that the device 500 1s 1n motion as detected by, for example,
a compass, an accelerometer and/or a gyroscope, which may
also form part of the user handling detection mechanism
505. By turning on the camera when motion 1s detected, the
processor 301 can cause the camera to capture one or more
images while the user 1s using or preparing to use the
clectronic device 500. Additionally or alternatively, the
processor 501 may instruct the camera to turn on upon
detecting an input at the user intertace 511 so as to capture
one or more 1images while the user 1s using the device 500.
The captured 1mages, as well as other detected characteris-
tics as discussed 1n more detail below, may be stored (803)
in memory 3503 over a period of time to provide a set of
historical detected characteristics 521, which may be used
by the processor 501 to determine which limb of the user
currently possesses the electronic device 500.

Where the user handling detection mechanism 305
includes an accelerometer and/or a gyroscope, the user
handling detection mechanism 505 may be configured to
detect direction, angle, rotation or other characteristics relat-
ing to motion of the electronic device 500. The detected
motional characteristic may be represented by one or more
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signals (e.g., voltages) outputted by the applicable compo-
nent (e.g., accelerometer or gyroscope) of the detection
mechanism 505. In one embodiment, the motional charac-
teristics detected by the detection mechamism 505 are
detected relative to a reference position of the electronic
device 500. The reference position may be any position and,
in an exemplary embodiment, 1s a position of the electronic
device 500 when at rest and possessed by a limb of the user.

The reference position may be determined in a variety of
ways, including, for example, by analyzing positions of the
clectronic device 500 during use of the device 500 or as part
ol a training sequence performed by the user responsive to
instructions provided by the device processor 501. For
example, at nitial power-up of the device 500 or when the
user interface 511 1s being accessed by the user, the proces-
sor 501 may determine the output voltages or other values of
the accelerometer and/or gyroscope and use those values to
define a reference position (e.g., the origin 1mn a three-
dimensional space) under an assumption that the electronic
device 500 will be positioned directly 1n front of the user 1n
a normal upright manner or be 1n some other expected
position relative to the user’s head at the time that the user
turns on the device 500 for the first time or accesses the user
interface 311. Alternatively, the reference position may be
determined based on outputs of the user handling detection
mechanism 505 when such outputs have not changed over a
period of time after receipt ol a user mput to the user
interface 511 or audio mput device 507. Lack of movement
ol the device 500 after a user input may indicate that the user
1s maintaining the device 1n an “at rest” position, which can
be used as the reference position. Determining the reference
position as the “at rest” position allows the reference posi-
tion to change over time as the user’s “at rest” position
changes during use of the device 500 by the user.

Alternatively, the processor 501 may execute a training
sequence that instructs the user (e.g., visually via the display
509 and/or audibly via the audio output device 513) to
respond to a series of questions using the user interface 511.
For example, the processor 501 may display one or more
textual messages, images or other information on the display
509, and ask the user whether the displayed information
appears oriented 1 an upright manner. The processor 501
may also request user mput via the user interface 511 in
response to the question (e.g., selection of a “Yes” or “No”
button). The processor 501 may also or alternatively mstruct
the user to move the electronic device 500 1n a certain
manner or to a certain location (e.g., directly 1n front of the
user), and ask the user to provide a user mput 1nto the user
interface 511 when the movement 1s completed. Responsive
to the user inputs provided during the training sequence, the
processor 301 may determine output values from the com-
ponents of the user handling detection mechamsm 503 (e.g.,
accelerometer and/or gyroscope outputs) and use the output
values to define the reference position. Thus, the reference
position may be determined by the processor 501 based on
the user inputs received via the user interface 511 responsive
to the displayed information and/or the requested movement
of the electronic device 500.

After a reference position has been determined, the user
handling detection mechanism 505 may detect user handling
characteristics, such as motional characteristics, which can
be compared to the reference position to aid 1n determiming,
which limb of the user possesses the electronic device 500.
For example, when the electronic device 300 includes an
accelerometer as a component of the user handling detection
mechanism 505, the processor 501 may use the three axis
outputs of the accelerometer to determine how the electronic
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device 500 has been moved relative to the reference posi-
tion. Movement detected from left-to-right and upward may
be mdicative of an electronic device possessed by a user’s
left limb; whereas, movement from right-to-left and upward
may be indicative of an electronic device possessed by a
user’s right limb.

An exemplary use of accelerometer output data to show
movement of a portable electronic device 500 relative to a
reference position 1s provided in the accelerometer output
voltage versus time graphs 900, 1000 shown in FIGS. 9 and
10. FIG. 9 illustrates accelerometer output voltage data
when the electronic device 500 1s secured to a right limb
(e.g., wrist, hand, or arm) of a user standing upright and
moved from a reference position to a viewing position and
back to the reference position. FIG. 10 1illustrates acceler-
ometer output voltage data when the electronic device 500
1s secured to a left limb of a user standing upright and moved
from a reference position to a viewing position and back to
the reference position. As shown 1n FIG. 9, when a reference
position 1s established with the user’s arm at rest facing
downward on the right side of the user’s body, moving the
arm up and toward the user’s body causes the accelerometer
output voltages 901, 903, 905 associated with all three axes
to be generally positive at the point 1n time when the user 1s
viewing the device display 509. On the other hand, as shown
in FIG. 10, when a reference position 1s established with the
user’s arm at rest facing downward on the left side of the
user’s body, moving the arm up and toward the user’s body
causes the accelerometer output voltages 1001, 1005 asso-
ciated with the x-axis and the z-axis to be generally positive
and the accelerometer output voltage 1003 associated with
the y-axis to be generally negative at the point 1n time when
the user 1s viewing the device display 509. Thus, the value
ol accelerometer output voltage along at least one of the axes
(e.g., y-axis) may be used as an indicator of which limb
currently possesses the electronic device 500. One skilled 1n
the art will readily recognize and appreciate that the x, y, and
z-axes referenced 1n the graphs 900, 1000 of FIGS. 9 and 10
generally represent three orthogonal axes defining a three-
dimensional space centered at the reference position and are
not mtended to limit application of the present invention to
any particular three-dimensional environment.

The characteristics detected by the various components of
the user handling detection mechanism 505 may be stored
(803) 1n memory 303 and used by the processor 501 at
appropriate times to determine (805) which limb of the user
possesses the device 500. For example, where the user
handling detection mechanism 3505 includes an accelerom-
cter, a camera, and a proximity detector, the camera may
capture 1mages of the user’s body and/or face, as well as
other environmental 1mages, over time as directed by the
processor 501. Additionally, the accelerometer may detect
movement of the electronic device 500 relative to a refer-
ence position and the proximity detector may detect a
proximity of a side of the device 500 to an object, such as
a hand. The detected characteristics may be collectively used
by the processor 501 to determine which limb of the user
possesses the electronic device 500. For example, the pro-
cessor 501 may use a current set of accelerometer output
voltages to estimate that the electronic device 500 15 pos-
sessed by a user’s right limb and then confirm such estima-
tion by analyzing current and/or historical images captured
by the camera. Additionally or alternatively, the processor
501 may confirm 1ts estimation by analyzing current and/or
historical outputs from the proximity detector to determine
from which direction an object approached the device 500
just prior to receipt of one or more mputs to the user
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interface 511. Thus, 1f the accelerometer output voltages
suggest that the electronic device 500 1s currently possessed
by the user’s right limb, the historical proximity detector
data stored 1n memory 503 indicates that an object regularly
approaches the device 500 from the leit side prior to receipt
of a user interface mput, and the camera captures 1images of
the user or other objects indicative of possession by the
user’s right limb, the processor 501 may conclusively deter-
mine that the electronic device 500 1s being possessed by the
user’s right limb. While the above example described one
exemplary determination of which limb of a user possesses
an electronic device 500 based on data detected by a user
handling detection mechanism 505 that includes a camera, a
proximity detector, and an accelerometer, those of ordinary
skill 1n the art will readily recognize and appreciate that the
user handling detection mechanism 505 may include fewer
or more components as may be desired to detect character-
1stics relating to how a user 1s handling the device 500 taking
into account the design constraints for the device 500, and
the processor 501 may use the so-included component or
components to determine which limb of the user possesses
the device 500.

The current and historical user handling characteristics
521 may also be used by the device processor 301 to
determine (807) a positioning of the electronic device 500
on a user’s limb when the electronic device 500 15 a
wearable device, such as a wristwatch phone. For example,
the detected user handling characteristics may be used to
determine whether the electronic device 500 1s positioned on
an inside or an outside of the user’s limb. Where the user
handling detection mechanism 3505 includes an accelerom-
cter and camera as discussed in the above example, the
current and historical data provided by such components
may be further analyzed to determine the positioning of the
device 500 on the user’s limb. For example, where the
camera captures 1images ol the user’s body when the device
500 1s positioned at a reference position as detected by the
accelerometer, the processor 501 may determine that the
device 500 1s positioned on an inside of the user’s wrist or
arm. Alternatively, where the camera does not capture
images of the user’s body when the device 500 1s positioned
at a reference position as detected by the accelerometer, the
processor 301 may determine that the device 500 1s posi-
tioned on an outside of the user’s wrist or arm. Still further,
where the user handling detection mechanism 505 includes
a gyroscope, detected rotation of the device 500 1n combi-
nation with device movement may be used to determine
positioning of the device 500 on the user’s limb. For
example, where the accelerometer output indicates move-
ment of the device 500 toward the user’s head and the
gyroscope output indicates clockwise rotation of the device
500, the processor 501 may determine that the device 500 1s
positioned on an inside of the user’s wrist or arm. By
contrast, where the accelerometer output indicates move-
ment of the device 500 toward the user’s head and the
gyroscope output indicates counterclockwise rotation of the
device 500, the processor 501 may determine that the device
500 1s positioned on an outside of the user’s wrist or arm.

Still further, the current and historical user handling
characteristics 521 may be used by the device processor 501
to determine an expected location of the user’s head relative
to the device 500. For example, where the user handling
detection mechanism 505 includes an accelerometer, the
accelerometer outputs together with a user mput or
sequences of user inputs received via the user interface 511
may provide a set of characteristics or parameters from
which the processor 501 may determine the expected loca-
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tion of the user’s head during use of the electronic device
500 by the user. As described above, the accelerometer
outputs may be used to determine whether movement of the
device 500 along three axes 1s 1n positive or negative
directions relative to a reference position. Thus, when accel-
crometer outputs indicate that the electronic device 500 has
been moved toward the user’s body, the outputs may also be
used to estimate the direction/location of the user’s head,
especially where the device movement 1s immediately fol-
lowed by receipt of mputs from the user interface 511. For
instance, when a reference position for the electronic device
500 has been established with the user standing or sitting
upright and the electronic device 500 possessed by the user’s
right hand, wrist or arm, generally positive output voltages
for all three axes as illustrated 1n FIG. 9 may indicate
movement of the electronic device 500 toward the user’s
body and head, with the processor 501 being able to assume
that the user’s head will be positioned directly over or
slightly below the user interface 511.

If the user then lies down (e.g., on a sofa, chair or bed),
movement of the electronic device 500 toward the user’s
head will produce different accelerometer output voltages
unless a new reference position 1s established with the user
lying down. However, if so desired, the user’s change of
position (sitting upright to lying down) may be accounted
for by other components of the user handling detection
mechanism 505 when the detection mechanism 503 includes
such components. For example, when the user handling
detection mechanism 505 includes a gyroscope, rotation of
the device 500 as detected by the gyroscope may also be
considered by the processor 501 to determine the expected
location of the user’s head. In such a case, the processor 501
may evaluate current and historical axial motion as detected
by the accelerometer and current and historical rotational
motion as detected by the gyroscope to estimate the
expected location of the user’s head. For instance, where a
reference position 1s established with the user sitting or
standing upright, the processor 301 may determine that
positive axial motion 1n combination with clockwise rota-
tional movement 1s historically followed by user speech
received by the audio mput device 507 or user input recerved
by the user intertace 511. Such may be the case for a user
holding a portable communication device, such as a smart
phone or cellular phone. When the user then decides to lay
on his or her side, or even upside down, the axial references
may change, but the rotational reference will not. As a result,
detection of axial movement 1n combination with clockwise
rotational movement may be used by the processor 501 to
determine that the user’s head will be generally 1n the
direction of the clockwise rotational movement. Where the
user handling detection mechanism 503 further includes a
camera that 1s ordinarily positioned toward the user when
the user interface 511 1s recerving user mputs, the processor
501 may 1instruct the camera to capture one or more 1mages
to enable the processor 501 to confirm or reject its deter-
mination of the user’s head location.

After determining which limb of the user possesses the
clectronic device 500 and optionally determining a position-
ing of the electronic device 500 on the limb of the user (e.g.,
for a wearable electronic device 500), the device processor
501 controls (809) one or more functions of the electronic
device 500 taking into account which limb of the user
possesses the device 500 and optionally how the device 500
1s positioned on the user’s limb. The functions which may be
controlled include any functions that may benefit from
knowledge of which limb possesses the device 500 or any
functions that may be changed to provide a better user
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experience 1n view of which limb possesses the device 500.
Exemplary functions that may be controlled taking into
account which limb possesses the device 500 include a
direction of audio outputted by the audio output device 513
(audio output steering), a direction from which audio 1s
received by the audio mput device 307 (audio input or
microphone steering), arrangement of information displayed
on the display 509, and a configuration of the user interface
511, just to name a few.

With respect to controlling audio output, the processor
501 may control a direction of audio outputted by the audio
output device 513 so as to improve the audio volume and
quality perceived by a user taking into account which limb
ol the user possesses the electronic device 500 and/or the
expected location of the user’s head, both of which may
have been determined as detailed above. For example, when
the processor 501 determines that the electronic device 500
1s possessed by the user’s right arm, wrist or hand, the
processor 501 may control the audio output device 513 to
output audio 1n a leftward and upward direction so as to be
directed to the expected location of the user’s head relative
to the device’s placement on the user’s right limb. On the
other hand, when the processor 501 determines that the
clectronic device 500 1s possessed by the user’s left arm,
wrist or hand, the processor 501 may control the audio
output device 313 to output audio in a rightward and upward
direction so as to be directed to the expected location of the
user’s head relative to the device’s placement on the user’s
left Iimb.

With respect to controlling audio input, the processor 501
may control the audio input device 507 so as to directionally
detect audio from the user taking into account which limb of
the user possesses the electronic device 500 and/or the
expected location of the user’s head. For example, when the
processor 501 determines that the electronic device 500 1s
possessed by the user’s right arm, wrist or hand, the pro-
cessor 5301 may control the audio mput device 507 to
increase its sensitivity in a leftward and upward direction so
as to detect audio from the expected location of the user’s
head relative to the device’s placement on the user’s right
limb. On the other hand, when the processor 501 determines
that the electronic device 500 1s possessed by the user’s left
arm, wrist or hand, the processor 501 may control the audio
input device 507 to increase its sensitivity i a rightward and
upward direction so as to detect audio from the expected
location of the user’s head relative to the device’s placement
on the user’s left limb.

With respect to arrangement of displayed information, the
processor 501 may control the display 309 to arrange
displayed information taking into account which limb of the
user possesses the electronic device 500. For example, when
the processor 501 determines that the electronic device 500
1s possessed by the user’s right arm, wrist or hand, the
processor 501 may control the display 509 to position more
important imnformation on the lett side of the display 509 or
in the left center portion of the display to make the infor-
mation more readily viewable by the user. On the other hand,
when the processor 501 determines that the electronic device
500 1s possessed by the user’s left arm, wrist or hand, the
processor 501 may control the display 509 to position more
important information on the right side of the display 509 or
in the right center portion of the display to make the
information more readily viewable by the user.

In an alternative embodiment in which the processor 501
determines an expected location of the user’s head based on
user handling characteristics detected by the user handling
detection mechanism 3505, the processor 501 may addition-
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ally or alternatively control the display 509 to orient dis-
played information upright relative to an expected location
of the user’s head. By analyzing current and historical
detected user handling characteristics 521, the processor 501
may, as discussed above, eflectively determine whether the
user 1s currently sitting or standing upright, lying sideways,
or lying upside down and present the displayed information
so that 1t appears properly oriented for viewing by the user
regardless of the user’s physical orientation.

With respect to user interface configuration, the processor
501 may control configuration of the user interface 311
taking 1nto account which limb of the user possesses the
clectronic device 500. For example, when the processor 501
determines that the electronic device 500 1s possessed by the
user’s right arm, wrist or hand, the processor 501 may
configure the user interface 511 such that the buttons (elec-
tronic or mechanical) or other user interface components of
the device which are most easily accessible by another limb
of the user (e.g., the user’s free left hand) control user
interface functions of the device 500 considered by the
device manufacturer or device user to be primary or most
important. On the other hand, when the processor 501
determines that the electronic device 500 1s possessed by the
user’s left arm, wrist or hand, the processor 501 may
configure the user mterface 511 such that the user interface
components of the device which are most easily accessible
by the user’s free right hand control the primary user
interface functions of the device 500. In other words, upon
determining which limb possesses the electronic device 500,
the processor 501 may configure the user interface functions
to make the most used functions readily accessible to the
user’s Iree hand instead of leaving them 1n a default mode
that may be less convenient for the user.

An exemplary 1llustration of how the processor 301 may
control display and user interface functionality of the por-
table electronic device 500 taking into account which limb
ol the user possesses the device 500 1s provided i FIGS. 6
and 7. As 1illustrated in FIG. 6, electromechanical buttons
601-604 of the device 500 may be associated with a set of
user interface functions. Alternatively, where the user inter-
face 511 includes a touchscreen interface accessible through
the device display 509, electronic or “soft” function buttons
(such as electronic buttons 606 and 607) may be associated
with certain user interface functions. Where the electronic
device 500 1s wearable on the user’s limb, the device 500
may further include a strap 608 or other mechanism for
securing the device 500 to the user’s limb.

The button-function association illustrated in FIG. 6 may
be a default association or may be an association resulting
from processor instruction responsive to the processor’s
determination that the electronic device 500 1s possessed by
the user’s upper left limb (e.g., arm, wrist or hand). To
illustrate how the button-function association may be based
on possession of the electronic device 500 by the user’s right
hand, 1t 1s assumed that the original default button-function
association 1s the button-function association as illustrated 1n
FIG. 7 or any button-function association other than the
association shown 1n FIG. 6. Additionally, 1t 1s assumed that
the “CONTACTS” function and “MSGS” (1.e., “Messages™)
function are the primary user interface functions for the
clectronic device 500, which may be the case where the
clectronic device 500 1s a portable communication device.
Based on the foregoing assumptions, responsive to the
clectronic device processor 501 determining that the elec-
tronic device 500 1s currently being possessed by the user’s
left hand, wrist or arm, the processor 301 may automatically
reconfigure the button-function association to be as shown in




US 10,282,155 B2

15

FIG. 6 so that the primary user interface functions are
configured on the right side of the device 500 and, thereiore,
more readily accessible by the user’s free limb. Additionally,
where the buttons 606, 607 are electronic or the button-
function associations are displayed on the display 509, the

processor 501 may control the display 509 so as to arrange
the displayed function identifiers (e.g., “CONTACTS”,

“MSGS”, “MENU”, and “SPEAKER” (shorthand for speak-
erphone), 1 this example) to mirror the user interface
configuration. The change of displayed function i1dentifiers
1s one simple example of how the arrangement of displayed
information may be modified taking into account which limb
of the user possesses the electronic device 500.

If possession of the electronic device 500 illustrated in
FIG. 6 1s changed from the user’s left hand to, for example,
the user’s right hand, the processor 501 may control the user
interface 511 to reconfigure 1ts button-function associations
to those shown 1 FIG. 7. In this case, responsive to the
processor’s determination of the change in possession as
detailed above, the processor 301 may automatically recon-
figure the button-function association so that the primary
user interface functions are configured on the left side of the
device 500 and, therefore, more readily accessible by the
user’s free hand. Additionally, where the buttons 606, 607
are electronic or the button-function associations are dis-
played on the display 509, the processor 301 may control the
display 509 so as to arrange the displayed function i1denti-
fiers to mirror the user interface configuration. While 1llus-
trative examples have been presented for reconfiguring a
user interface 511 of the electronic device 500 and arranging,
displayed information on a display 509 of the electronic
device 500 taking into account which limb of the user
possesses the electronic device 500, one skilled in the art
will readily recognize and appreciate that the presented
illustrations are merely exemplary in nature and are not
intended to limit the scope of the present invention or the
appended claims.

As noted above, the portable electronic device 500 may be
a portable communication device when the device 500
includes, among other things, one or more wireless trans-
cervers 515. In such a case, the transceiver 515 functions to
transmit and receive wireless communication signals that
may include, for example, audio information, video infor-
mation, graphics, and/or textual data. Where a received
wireless communication signal includes audio information
to be provided to the portable communication device user
(c.g., as part ol a telephone call in which the portable
communication device user 1s participating), the processor
501 may process the received wireless communication sig-
nal 1n accordance with conventional techniques to extract
the audio information from the received signal and then
control the audio output device 513 to output the audio
information toward an expected head location of the user
(e.g., perform audio steering) taking into account which
limb of the user possesses the portable communication
device and/or a positioning of the portable communication
device on the limb of the user. In other words, the processor
501 of the portable communication device may use the
processes disclosed above to determine which limb of the
user 1s 1n possession of the portable communication device
and/or a positioning of the portable commumnication device
on the user’s limb (e.g., where the portable communication
device 1s wearable or otherwise securable to the user).
Responsive to such determination, the processor 501 may
control the audio output device 513 to directionally output or
steer the audio information 1n the received communication
signal toward the expected location of the user’s head taking
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into account which limb of the user 1s in possession of the
portable communication device.

Besides controlling audio information output by the audio
output device 513 responswe to determining which limb of
the user 1s 1 possession of the portable communication
device, the processor 501 of the portable communication
device may control the audio input device 507 to detect
audio from the expected location of the user’s head taking
into account which limb of the user possesses the portable
communication device. In other words, the portable com-
munication device processor 5301 may use knowledge of
which limb possesses the device to eflectively steer a
microphone or other audio mput device 507 toward the
user’s head so as to more easily recerve the user’s spoken
audio during, for example, a telephone call 1n which the user
1s participating. Additionally, the portable communication
device processor 501 may control the device’s display 509
and/or user interface 511 in the manners discussed above to
respectively arrange displayed information and configure
the user interface 511 taking into account which limb of the
user the processor 501 has determined 1s in possession of the
device and/or how the device 1s positioned on the user’s
limb.

The present invention encompasses a portable electronic
device and associated methods for controlling operation of
the device taking into account which limb of the user
possesses the device. With this mvention, an electronic
device may automatically adapt one or more of 1ts functions
to accommodate use of the device when the device 1s being
held or worn by the user. In this manner, the present
invention provides a dexterity accommodation feature for
the electronic device, thereby enhancing the device’s user
experience.

As detailed above, embodiments of the present mnvention
reside primarily in combinations of method steps and/or
apparatus components related to controlling operation of a
portable electronic device taking into account which limb of
a user possesses the electronic device. Accordingly, the
apparatus components and method steps have been repre-
sented, where appropriate, by conventional symbols 1in the
drawings, showing only those specific details that are per-
tinent to understanding the embodiments of the present
invention so as not to obscure the disclosure with details that
will be readily apparent to those of ordinary skill 1n the art
having the benefit of the description herein.

In this document, relational terms such as “first” and
“second,” “top” and “bottom,” and the like may be used
solely to distinguish one entity or action from another entity
or action without necessarily requiring or implying any
actual relationship or order between such entities or actions.
The terms “comprises,” “comprising,” “includes,” “includ-
ing,” “has,” “having,” “contains,” “containing,” and any
other varniations thereof are intended to cover a non-exclu-
stve 1nclusion, such that a process, method, article, or
apparatus that comprises, includes, has, or contains a list of
clements does not include only those elements but may
include other elements not expressly listed or inherent to
such process, method, article, or apparatus. The term “plu-
rality of” as used in connection with any object or action
means two or more of such obj ect or action. A claim element
proceeded by the article “a” or “an” does not, without more
constraints, preclude the existence of additional identical
clements in the process, method, article, or apparatus that
includes the element.

It will be appreciated that embodiments of the portable
clectronic device 101, 500 described herein may be com-
prised of one or more conventional processors and unique
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stored program instructions that control the processor(s) to
implement, in conjunction with certain non-processor cir-
cuits, some, most, or all of the functions of the portable
clectronic device 101, 500 and 1ts operational methods as
described herein. The non-processor circuits may include,
but are not limited to, storage devices (such as the internal
memory 503), the user handling detection mechanism 503,
the audio 1nput device 507, the display 509, the user inter-
tace 511, the audio output device 513, and the transceiver
515 described above, as well as filters, clock circuits, and
various other non-processor circuits. As such, the functions
ol these non-processor circuits may be interpreted as steps of
a method for controlling operation of a portable electronic
device. Alternatively, some or all functions could be 1imple-
mented by a state machine that has no stored program
instructions, or 1n one or more application specific integrated
circuits (ASICs), 1n which each function or some combina-
tions of certain of the functions are implemented as custom
logic. Of course, a combination of the various approaches
could be used. Thus, methods and means for these functions
have been generally described herein. Further, it 1s expected
that one of ordinary skill, notwithstanding possibly signifi-
cant effort and many design choices motivated by, for
example, available time, current technology, and economic
considerations, when guided by the concepts and principles
disclosed herein will be readily capable of generating such
software instructions or programs and integrated circuits
without undue experimentation.
In the foregoing specification, specific embodiments of
the present mvention have been described. However, one of
ordinary skill 1n the art will appreciate that various modifi-
cations and changes can be made without departing from the
scope of the present invention as set forth in the appended
claims. Accordingly, the specification and figures are to be
regarded in an 1llustrative rather than a restrictive sense, and
all such modifications are intended to be included within the
scope ol present mmvention. The benefits, advantages, solu-
tions to problems, and any element(s) that may cause any
benefit, advantage, or solution to occur or become more
pronounced are not to be construed as critical, required, or
essential features or elements of any or all the claims. The
invention 1s defined solely by the appended claims including
any amendments made during the pendency of this appli-
cation and all equivalents of those claims as 1ssued.
We claim:
1. A portable electronic device comprising:
a detection mechanism operable to detect one or more
characteristics relating to how a user handles the por-
table electronic device; and
a processor operably coupled to the detection mechanism
and operable 1n accordance with stored operating
instructions to:
determine a reference position from one or more posi-
tions of the portable electronic device, wherein the
portable electronic device 1n the reference position 1s
at rest and possessed by at least one limb of the user;

determine, based on a comparison of the reference
position to at least one of the one or more charac-
teristics detected by the detection mechanism based
on an updated position of the portable electronic
device that 1s different than the reference position, a
particular limb of the user that possesses the portable
electronic device;

responsive to determining the particular limb of the
user that possesses the portable electronic device,
determine, based on the at least one of the one or
more characteristics, a positioning of the portable
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clectronic device on the particular limb of the user
that possesses the portable electronic device,
wherein the positioning comprises at least one of a
location or an orientation of the portable electronic
device on the particular limb; and
control, based on the particular limb of the user that
possesses the portable electronic device and further
based on the positioning of the portable electronic
device on the particular limb, at least one function of
the portable electronic device.
2. The portable electronic device of claim 1, wherein the
detection mechanism includes at least one of a camera, an
optical sensor, an ultrasonic sensor, an accelerometer, or a
gyroscope.
3. The portable electronic device of claim 1, further
comprising:
a display operably coupled to the processor; and
a user 1terface operably coupled to the processor,
wherein the processor 1s further operable to:
output, for display, at least one of textual messages or
images; and
after outputting the at least one of the textual messages
or the 1mages, determine the reference position for
the portable electronic device turther based on inputs
received via the user interface.
4. The portable electronic device of claim 1, further
comprising:
an audio output device coupled to the processor,
wherein the at least one function of the portable electronic
device controlled by the processor includes a direction
of audio outputted by the audio output device, and

wherein the processor 1s further operable to control the
audio output device to output the audio toward an
expected head location of the user based on the par-
ticular limb of the user that possesses the portable
clectronic device.

5. The portable electronic device of claim 1, further
comprising;

an audio mput device coupled to the processor,

wherein the at least one function of the portable electronic

device controlled by the processor includes a direction
from which audio 1s received by the audio mput device,
and

wherein the processor 1s further operable to control the

audio mput device to detect audio from an expected
head location of the user based on the particular limb of
the user that possesses the portable electronic device.
6. The portable electronic device of claim 1, further
comprising;
a display coupled to the processor,
wherein the at least one function of the portable electronic
device controlled by the processor includes arrange-
ment of information displayed on the display, and

wherein the processor 1s further operable to control the
display to arrange the displayed information based on
the particular limb of the user that possesses the por-
table electronic device.

7. The portable electronic device of claim 1, further
comprising;

a user 1terface coupled to the processor,

wherein the at least one function of the portable electronic

device controlled by the processor includes a configu-
ration of the user intertace, and

wherein the processor 1s further operable to control the

configuration of the user interface based on the par-
ticular limb of the user that possesses the portable
clectronic device.
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8. The portable electronic device of claim 1, wherein the
processor operable to determine the reference position for
the portable electronic device 1s further operable to:
determine the reference position further based on at least
one of:
an activation, at the portable electronic device, of a
limb detection feature that determines the particular
limb of the user that possesses the portable electronic
device, or

general use of the portable electronic device by the user
that 1s not part of an initial start-up of the portable
clectronic device.
9. The portable electronic device of claim 1, wherein the
processor operable to determine the reference position for
the portable electronic device 1s further operable to:
determine, 1n response to recerving at least one user input,
and based on at least one output of the detection
mechanism, at least one of:
an orientation of the portable electronic device when
the at least one user input was recerved, or

a position of the portable electronic device relative to a
user of the portable electronic device when the at
least one user mput was recerved; and

determine the reference position for the portable elec-
tronic device further based on at least one of the
ortentation of the portable electronic device or the
position of the portable electronic device relative to the
user of the portable electronic device.

10. The portable electronic device of claim 1, wherein the

processor 1s further operable to:

determine whether detected movement along at least one
of three axes 1 a three-dimensional space 1s 1n a
positive direction or a negative direction relative to the
reference position, the detected movement correspond-
ing to the one or more characteristics, and

wherein the processor operable to determine which limb
of the user possesses the portable electronic device 1s
further operable to determine the particular limb of the
user that possesses the portable electronic device based
on whether the detected movement along the at least
one of the three axes 1n the three-dimensional space 1s
in the positive direction or the negative direction rela-
tive to the reference position.

11. The portable electronic device of claim 1, further

comprising;

a memory operable to store detected characteristics of a
previous use of the portable electronic device by the
user over a period of time to produce historical char-
acteristics that indicate which limb of a plurality of
limbs of the user previously possessed the portable
electronic device, and

wherein the processor, operable 1n accordance with stored
operating instructions to determine the particular limb
of the user that possesses the portable electronic device,
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1s Turther operable to determine, based on the historical
characteristics, the particular limb of the user that
possesses the portable electronic device.

12. A method comprising:

detecting, by a portable electronic device, one or more
characteristics relating to how a user handles the por-
table electronic device;

determining a reference position from one or more posi-
tions of the portable electronic device, wherein the
portable electronic device 1n the reference position 1s at
rest and possessed by at least one limb of the user;

determining, by the portable electronic device based on a
comparison of the reference position to at least one of
the one or more characteristics detected by the portable
clectronic device based on an updated position of the
portable electronic device that i1s different than the
reference position, a particular limb of the user that
possesses the portable electronic device;

responsive to determining the particular limb of the user
that possesses the portable electronic device, determin-
ing, based on the at least one of the one or more
characteristics, a positioning of the portable electronic
device on the particular limb of the user that possesses
the portable electronic device, wherein the positioning
comprises at least one of a location or an orientation of
the portable electronic device on the particular limb;
and

controlling, by the portable electronic device, based on
the particular limb of the user that possesses the por-
table electronic device and further based on the posi-
tioning of the portable electronic device on the particu-
lar limb, at least one function of the portable electronic
device.

13. The method of claim 12, further comprising:

storing the one or more characteristics over a period of
time to produce historical characteristics,

wherein determining the particular limb of the user that
possesses the portable electronic device 1s based on the
historical characteristics.

14. The method of claim 12, wherein determining the
reference position for the portable electronic device further
COmMprises:

outputting, by the portable electronic device and for
display, at least one of textual messages or 1images;

alter outputting the at least one of the textual messages or
the images, recerving, by the portable electronic device,
inputs from the user; and

determining the reference position for the portable elec-
tronic device further based on the mputs recerved from
the user.
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